In the last decade, a large portion of capital goods imports of Sub-Saharan African countries is telecommunications equipment, and China is now the main source of equipment for 30 Sub-Saharan African countries. A connection between specific types of equipment imports and subsequent exports is found with elasticity estimates ranging from 0.2 to 1.2 per cent. Estimates show that controlling for price, the estimated quality of Sub-Saharan African countries' exports is lower than that of their peers. This means that if Sub-Saharan African export prices were to increase, their US market share would suffer despite the price advantage provided by the African Growth Opportunity Act.
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Introduction
The gross domestic product (GDP) per capita for Sub-Saharan African (SSA) countries in 1978-82 was US$885 while that for the East Asia and Pacific region was US$327 (World Bank 2013) . After three decades, per capita GDP in 2008-12 for these two regions increased to US$953 and US$2,487, respectively.
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These figures translate to a real per capita GDP growth of less than 10 per cent for the SSA region and close to 700 per cent growth for the East Asia and Pacific region in 30 years. 2 Myriad factors contribute to the SSA region's low growth. Of particular interest to this paper is the region's poor infrastructure and lack of investment in capital equipment. Compared to other low-income countries, Africa's infrastructure deficit is largest in power generation capacity, paved roads, and fixed-line telephones (Yepes et al. 2008) . Moreover, the prices of these infrastructure services are also higher in Africa than in other developing regions. For example, Foster (2008) documents electricity prices of US$0.02-0.46/kWh in the SSA region and US$0.05-0.10/kWh in other developing regions. Lowering the extent of the infrastructure deficit is an important target for African policy makers as there is evidence in the literature that economic outcomes improve with investments in infrastructure. Calderón (2009) estimates that, between 1990 and 2005, infrastructure accounts for close to 1 percentage point of per capita output growth in Africa. According to another estimate, Africa needs to spend close to US$75.5 billion per year to address this infrastructure deficit, with more than half in power generation (Foster 2008) . This spending needs to include capital expenditures (US$38.1 billion) as well as operations and maintenance (US$37.4 billion). Using trade data, this paper's first task is to estimate the extent of infrastructure investments made from the imports of capital goods such as electric generators.
Besides poor infrastructure, SSA countries have limited production capabilities. Thus, it is also important to study what items have been imported over the years. This is because local production capacities, and thus export capabilities, can be expanded by capital goods imports sourced not only from industrialized countries such as the United States but also from emerging economies such as China.
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For example, the import of textile spinning machines at period t might lead to increased local production and exports of textiles at period t+s. This paper's second task is to investigate this import-export link. To the best of my knowledge, this type of quantification has not been done before for the SSA region. 4 This is part of the broader literature dealing with the ability of SSA countries to join the global supply chains (e.g. Collier and Venables 2007; Subramanian and Matthijs 2007) .
Imports of capital equipment by SSA countries may partly be in response to the granting of preferential market access by select trading partners. For example, the African Growth Opportunity Act (AGOA 2000) provides duty-free access to US imports of more than 6400 items from eligible SSA countries until 30 September 2015. Eligibility is tied to a country's progress 2 towards a more market-oriented economy, its efforts to fight corruption, and other criteria. 5 Prior literature has investigated the trade effects of AGOA. 6 However, beyond quantitative trade effects, it is also important to ask whether any changes can be observed in the quality of countries' exports. Because quantitative effects have been observed for apparel products, the third task of this paper is to estimate the quality of US apparel imports from SSA countries since the start of AGOA in 2000.
The three tasks outlined above should provide a clear picture of the types of capital equipment imported by SSA countries, whether these equipment imports have had any measurable effects on these countries' manufactured exports, and whether the quality of SSA countries' apparel exports has changed over time. The remainder of this paper is organized as follows: In Section 2, related literature is reviewed. Section 3 discusses the data used and documents the extent and type of capital augmentation via imports, and how country of origin and sector distribution of imported capital goods have evolved over time. In Section 4, the link between SSA countries' imports of capital goods and subsequent exports is explored. In particular, the hypothesis is that SSA countries' imports of sector-specific machineries lead to increased exports of products utilizing these machineries whereas imports of capital goods with broad uses (e.g. electricity generators or telecommunications equipment) lead to increased overall exports. The methodology and data used to estimate the quality of SSA countries' exports to the United States are presented in Section 5. The section also discusses the quality estimates obtained. Section 6 contains an extensive discussion of the main findings and concluding remarks appear in Section 7.
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Related literature Calderón (2009) , in his study, uses physical indicators to estimate the volume of electric power, telecommunications, and transportation infrastructure in African countries from 1991 to 2005. 7 The author also measures the quality of available infrastructure.
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Controlling for other country characteristics such as human capital endowment, trade openness, and governance, Calderón (2009) finds a positive association between real GDP per worker growth and the volume and quality of available infrastructure. In particular, 99 basis points of the productivity growth per year in African countries between 1991-95 and 2001-05 are due to infrastructure (89 basis points are due to an increase in the volume, whereas ten basis points are due to quality improvements). Infrastructure's contribution to output per capita growth is largest in Central African countries (1.08 percentage points), followed by Southern Africa (1.01 percentage points), North Africa (0.92 percentage points), and East Africa (0.94 percentage points), and smallest in West Africa (0.88 percentage points). In all cases, infrastructure's positive contribution to growth is mostly due to 3 increases in volume rather than quality improvements. Moreover, increases in telecommunications infrastructure are estimated to have the largest contribution to output per capita growth. Extending Calderón's (2009) research, Calderón and Servén (2010) , in their study, find that income inequality drops as available infrastructure increases. According to the authors, this finding is 'consistent with the view that infrastructure development enhances the ability of poor individuals and/or residents of backward areas to access additional productive opportunities' (Calderón and Servén 2010: i42-4) In particular, increases in the volume of infrastructure lead to a 2-basis-point drop in the Gini coefficient in SSA countries. Data for 89 countries show that, besides the amount of foreign capital goods, per capita income growth in the 1960-85 period increases with foreignto-domestic capital goods usage (Lee 1995) . This is because capital goods imported from developed countries are comparatively cheaper and, when combined with domestic capital goods, increase the efficiency of the country's capital stock. However, Lee's (1995) findings may be an artefact of 'the difference between equipment and non-equipment investment rather than the difference between imported and domestic capital goods' (Mazumdar 2001: 211) . The study by Mazumdar (2001) improves on Lee's (1995) work by properly measuring imported and domestic equipment investment. For the most part, data for a panel of 30 least developed countries show that per capita income growth increases (decreases) with imported (domestic) equipment investment.
This paper is also related to the broad literature on technology diffusion (via imports of capital goods) across space and its implications on growth (for a review, see Keller 2004) . For example, Eaton and Kortum (2001) study capital goods imports of 34 countries in 1985. First, they establish that capital equipment is highly traded. Second, they find that developing countries import most of their equipment. For example, almost all of Malawi's equipment absorption (gross production + imports -exports) is imports. Kenya has the lowest import share (60 per cent) among the five SSA countries in Eaton and Kortum's (2001) study. Third, colonial and cultural ties are found to be important determinants of imports of capital goods. The United Kingdom is the main source for Kenya, Malawi, and Nigeria, whereas France is the main source for Mauritius and Morocco. Lastly, the authors find that the relative price of capital equipment to consumption goods is higher in poorer countries, and this might be why the capital investment rate is lower in poorer countries. According to Eaton and Kortum (2001: 1198) , these relative price differences 'account for over 25% of productivity differences between developing and developed countries'. Caselli and Wilson (2004) study the determinants of nine types of capital goods imports using data for up to 38 countries for 1970-95. The authors find huge variation in the types of capital goods imported by these countries primarily due to whether the countries have complementary factors or appropriate institutions where these could be used efficiently. For example, computing equipment imports (compared to fabricating equipment imports) are positively associated with the average years of schooling. Caselli and Wilson (2004) also find suggestive evidence that productivity differences across countries may partly be attributed to the composition of their capital goods imports. Similar evidence is found at the micro level. Using a panel of 340 manufacturing firms in Botswana in 1985 -2010 , Habiyaremye (2013 , in his study, finds a positive correlation between firms' imports of machinery and equipment and productivity growth, and the effect on productivity is not concurrent but appears with a lag of up to two years.
Recently, several papers have introduced the quality dimension in analysing trade patterns. Using unit values (value/quantity) at the product level, a positive correlation is observed between unit values and exporter per capita income (e.g. Schott 2004 ). If unit values are a good proxy for quality, then this suggests that higher income countries export products of higher quality. Product level (ten-digit Harmonized System (HS) code) unit values of US imports from 60 of the largest countries are used by Hallak (2006) to construct the quality index of country i's exports to importer k. Import regressions at the sectoral level (three-digit Standard International Trade Classification (SITC) Revision 2) show positive coefficients for the interaction between exporter quality and importer income for a large number of sectors. Thus, imports increase with export quality. This finding holds even after controlling for export prices. Khandelwal (2010) provides an alternative approach to estimating product quality, which this paper uses. As described in detail in Section 5, quality indices are estimated at the industry level (five-digit SITC Revision 3) for a cross-section of exporters to the United States from 1996 to 2006. Products are of high quality if exporters do not lose market share as prices rise. These indices can be used to compare product quality across exporters for any period t, or product quality changes over time for any exporter i. This paper extends the literature described in this section as follows: First, SSA countries' capital augmentation via imports at the most detailed level possible is documented. Second, the export effect of industry-specific capital goods imports is also investigated at the most detailed level possible. In both cases, extant literature as reviewed here only use total capital goods imports; most focus on the determinants of capital goods imports and their effects on productivity, and very few studies focus on SSA countries. Third, this paper provides initial (if not first) estimates of the quality of African countries' apparel exports to the United States, and how they compare to other apparel exporters to the US market.
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Capital augmentation via imports
Data
Trade data are available at the six-digit HS code level from the United Nations' (2013) Commodity Trade Statistics (UN Comtrade) database.
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Each six-digit HS code will be referred to as a product in this section. At this level of disaggregation it is possible to track whether imported capital goods have broad (e.g. steam turbines) or industry-specific (e.g. textile spinning machines) applications. The evolution of the type and scale (at the finest level possible) of SSA countries' capital goods imports will be determined to assess these countries' investments in capital goods and changes (if any) in their export capabilities. The evolution of the country of origin of these imports will also be determined.
Because countries have more incentive to track imports (e.g. for duty collection) than to track exports, import data are typically preferred over export data when studying bilateral trade. However, SSA countries provide less information than other countries. Therefore, other countries' exports to SSA countries have been used here. Export data from 1996 to 2011 from the 35 largest capital goods exporters have been collected. These countries account for at least 95 per cent of worldwide exports of capital goods each year.
10
Capital goods are identified using the UN's Broad Economic Categories (BEC) classification scheme that allocates six-digit HS codes according to their main end-use. Using the HS-BEC concordance provided by the UN Statistics Division, 905 six-digit HS codes are identified as capital goods, with 278 codes classified as parts and accessories (BEC 42); the remaining 627 codes are final goods (BEC 41), accounting for more than half of SSA countries' capital goods imports each year.
9 HS codes and definitions for 1996 are used. 10 Analysis excludes Taiwan (which could be a major source of some types of capital goods) as Taiwanese data are not covered by the UN owing to its one-China policy.
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Analysis
The median share of capital goods (BEC 41 and BEC 42) For the most part, the source of imported capital goods has become less concentrated over time. The median source concentration index is seen to decline from about 2600 to 1400 for SSA 11 The World Bank's 1996 classification scheme is used throughout. Cape Verde and Sudan are not included as data are missing for these countries. The comparison group used is all non-SSA low-income countries as only 7 of the 45 SSA countries analysed are classified as middle-income countries in 1996. The comparison group includes 24 lowincome countries. Data also show a steady increase in China's market share. China's median rank as capital goods source improves to second place from eleventh place, with a median share close to 20 per cent for SSA countries in 2008-11, up from less than a 2 per cent share in 1996-99. 13 This mostly comes at the expense of French exporters: It is observed that France's median share among SSA countries drops to 10.6 per cent in 2008-11 from 22.5 per cent in 1996-99. Exporters from Germany, the United States, and the United Kingdom also experience a drop in their median market shares, but by less than 5 percentage points. Unlike observations made by Eaton and Kortum (2001) , colonial and cultural ties no longer explain capital goods sourcing by SSA countries. Figure 2 illustrates Given this paper's objective, subsequent analyses focus on finished capital goods (BEC 41). Tables 1a and 1b summarize the top capital goods source for each of the 45 SSA countries for two periods: 1996-99 and 2008-11, with each source country's market share.
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The tables also include the number one item imported from the source and the share of this item in the country's total capital goods import from the source. Table 1a shows that France is the top source of capital equipment in 1996-99 in half of the SSA countries, with shares ranging from 18.1 (Seychelles) to 82.8 (Comoros) per cent. By 2008-11, China is seen to have become the top source for 30 of the 45 SSA countries, with available data (see Table 1b ). China's share is largest in Somalia at 76.3 per cent and lowest in Guinea at 17.4 per cent. Transmission with reception apparatus for radio, television, and so on is noted to be the top import for a large number of countries until 2007. This product item is replaced by telecommunications equipment in half of the SSA countries in 2008-11. Telecommunications equipment consists of more than a third of Lesotho's, Somalia's, and Swaziland's capital goods imports from China.
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As data show, until 2007 the United States is the top source of Equatorial Guinea's capital goods, with more than half of the country's imported capital goods from the United States in 1996-99 consisting of equipment for offshore drilling. China replaces the United States as a top source in 2008-11, and its top export item to Equatorial Guinea is telecommunications equipment.
14 Similar tables for 2000-03 and 2004-07 are available upon request. 15 This is based on 1996 HS 851780, which includes part of 2007 HS 851762 (which includes switching and routing apparatus) and HS 851769 (other). Note: BEC=Broad Economic Categories; n.e.s.=not elsewhere specified.
Source: Author's calculations using data from the UN Comtrade database (United Nations 2013). Note: BEC=Broad Economic Categories; n.e.s.= not elsewhere specified.
Source: Author's calculations using data from the UN Comtrade database (United Nations 2013).
Tables 1a and 1b also provide rough estimates of the extent of production capacity augmentation in SSA countries in specific sectors. For example, close to half of Congo's capital equipment imports from France in 1996-99 comprise equipment for offshore drilling. Also, about 21.2 per cent of Ethiopia's capital goods imports from Italy in 1996-99 are looms for weaving fabrics whereas close to 10 per cent of Tanzania's imported capital goods from the United Kingdom are machinery for preparing or making tobacco (Table 1a) . Half of Burkina Faso's capital goods imports in 2004-07 originate from France, 6.1 per cent of which are machines to mill and work cereals or dried legumes (not shown).
Instead of focusing on the top import source and the top imported item from this source, in the next section, overall capital goods augmentation by SSA countries is analysed. To the extent possible, capital goods are classified into those with broad uses (general purpose) and those that are industry-specific. The import of capital goods with broad uses (e.g. hydraulic turbines) can expand countries' electricity-generating capacities, so production and export effects might be across a broad range of commodities rather than on select commodities. Industry-specific equipment imports can expand production capacities of SSA countries in these industries. For example, importing knitting machinery could expand textile and apparel production capabilities of SSA countries, so their textile and apparel exports might increase in the future. Whether or not such a link exists is studied in the next section.
Import-export link
General-purpose versus sector-specific capital goods imports
To identify each product's broad or specific end-use, a concordance from the US Bureau of Census is used.
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Between 1996 and 2011, SSA countries import US$267 billion worth of finished capital goods, with more than half in the last period alone (Table 2) . Imports more than double (in nominal terms) in two of the three four-year periods. General-purpose capital goods account for 42.1 per cent of finished capital goods imports, with telecommunications equipment having the largest share (17.6 per cent) in SSA countries' imports of capital goods in 1996-2011. For the same period, telecommunications equipment is only 9.0 per cent of non-SSA low-income countries' capital goods imports. The differential of 9 percentage points in shares is evidence of SSA countries starting to address their deficiencies in telecommunication services. SSA countries' telecommunications equipment imports total US$23.6 billion in 2008-11, up from US$1.5 billion in 1996-99. Thus, these contribute to an increase in the (mean) number of main telephone lines per 1000 workers (from 10 in 1991-95 to 93 main telephone lines and mobile phones per 1000 workers in 2001-05) and to improvements in the quality of telecommunication services in Africa (Calderón 2009 ). Electric and non-electric generating equipment imports have a 7.7 per cent share for the entire 1996-2011 period. As is evident in Table 2 , the relative importance of this type of capital goods in SSA countries' import basket increases from a low 6.1 per cent in 2000-03 to 8.9 per cent in the latest period. In nominal terms, electric and non-electric generating equipment imports are 12 observed to increase from US$2.3 billion in 2000-03 to US$11.6 billion in 2008-11. This increase, however, is insufficient to close the continent's large deficit in power generation, which stands at 289 (178) megawatts per million population when low (lower-middle) income African countries are compared to countries with similar income levels (Foster 2008 ).
Sector-specific capital goods imports have a 37.9 per cent share, with machineries used in oil drilling, mining, and construction comprising 13 per cent of SSA countries' total finished capital goods imports; industrial and service machineries account for close to a quarter of these countries' finished capital goods imports; and agricultural machinery and equipment have a 1.6 per cent share for the entire 1996-2011 period. About a fifth of capital goods imports are not classifiable into general-purpose use or sector-specific use either because HS-end-use matching is not feasible or HS-end-use matching is at the two-digit level (too broad) rather than at the five-or three-digit level.
17 Table 3 contains the breakdown of sector-specific capital goods imports. For the entire period, excavating machinery has the largest share, followed by materials handling equipment (e.g. conveyors or cranes) and drilling and oilfield equipment. Food and tobacco machinery and textile and sewing machines have close to a 3 per cent share each in the late 1990s; in the latest period, food and tobacco machinery has a 2 per cent share whereas textile and sewing machinery has a less than 1 per cent share. These shares translate to US$2.5 billion and US$648.4 million augmentation of capital equipment in these sectors, respectively, compared to the US$9.7 billion imports of excavating machinery used in oil extraction, mining, or construction in 2008-11. Together, these suggest the continued dominance of oil and mining sectors in the region and limited capital augmentation in other sectors. In fact, the relative importance of equipment used in food and tobacco, textile, sewing, machines, wood, glass, plastic, and pulp and paper production has declined over time. Note: n.e.s.=not elsewhere specified.
Source: Author's calculations using data from the UN Comtrade database (United Nations 2013) and US Bureau of Census' HS-End-Use Concordance.
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Unlike in the study by Caselli and Wilson (2004) , the focus here is not the determinants of imports of machinery and their effects on overall productivity.
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Rather, emphasis is on the link between countries' imports of machineries and their subsequent exports of products utilizing these machineries.
Regression model
Country i's period t exports (exp) are regressed against lagged capital goods imports (imp), population, per capita income, and a competitiveness indicator.
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Country i's exports are expected to increase with capital goods imports, population, and per capita income. Imports of capital goods augment production capacity (and thus, exports), and larger and richer countries have the capacity to produce (and thus, export) more items. Six measures of competitiveness from the World Economic Forum (WEF 2013) are used. The scores range from 1 to 7 (with 7 being best). Each competitiveness indicator is added one at a time as they are highly correlated to each other. Three competitiveness sub-indices are considered: basic requirements, efficiency enhancers, and innovation and business sophistication. One pillar from each sub-index is used: infrastructure, goods market efficiency, and business sophistication. One of the advantages of the WEF indices is that they capture various dimensions of competitiveness. For example, basic requirements include institutions, infrastructure, macroeconomic stability, and health and primary education. The infrastructure index alone includes the quality of roads, electric supply, and seven other dimensions. The comprehensiveness of the WEF indices is what makes their use appealing.
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Exports are expected to increase with each competitiveness indicator. Because these indicators are available for a large number of countries only starting in 2008, estimation is based on a crosssection of 128 countries using the following trade gravity model (basic specification):
where exports (imports) are summed over the 2008-11 (2004-07) 19 Note that country i's exports are its trading partners' reported imports from country i. See Section 3.1 for a brief discussion of the advantages of using import instead of export data.
20 Although this might also be deemed a weakness, as variations in the indices can be hard to interpret. 21 The trade gravity equation is used widely in empirical investigations of bilateral trade flows. In its most basic form, it includes trading partners' gross products, population (or per capita gross products), and physical distance from each other. Other controls, such as infrastructure quality, that increase or impede trade are also included in the model. Anderson (2011), Cheng and Wall (2005) , Leamer and Levinsohn (1995) , and Deardorff (1984) review some contributions using the model. In this paper, Equation (1) is estimated for countries' worldwide (not bilateral) exports and total imports of capital goods from all 35 top exporters of capital goods.
(comp) is measured in 2008. With the exception of the competitiveness indicator, the natural log of all variables is used in the estimation of Equation (1).
Equation (1) is estimated for country i's total worldwide exports at period t matched against all equipment imports and imports of electricity generators and telecommunications equipment at period t−1, and for each of the 12 industries where imports of industry-specific machinery are matched to countries' exports of products made using these machines. The latter is done only for those with a clear match. Appendix Table A1 contains the HS codes of machinery in a particular end-use category and the HS codes of exported items using these machines. Altogether 55 sixdigit HS capital goods can be matched to 12 two-digit HS export items. Country i's period t exports of item j are regressed against lagged capital goods imports relevant to item j, and the other factors discussed earlier.
As a robustness check, a three-period pseudo-panel version of Equation (1) Additionally, country-specific fixed effects are included to capture any country-specific timeinvariant factors associated with countries' export levels (e.g. distance from markets) and two period dummies (with 1996-99 as the base) are also included to account for any time-specific effects that affect export levels of all countries in the same way. Table 4 contains elasticity estimates (export response to capital goods imports) for all countries and for the low-income sub-sample. The specifications using the six WEF competitiveness indices provide qualitatively similar estimates, so only three estimates are provided. Specification (1) includes infrastructure, Specification (2) includes goods market efficiency, and Specification (3) business sophistication. For comparison, specification (4) includes the overall economic freedom index for 2008-11. The results for all economic freedom indices are qualitatively similar to the results for the overall index, and so are not reported here because of limited space. Regardless of specification, the results indicate that imports of capital goods (all equipment) are statistically significant at the 1 per cent level for the full sample. Controlling for other factors, overall exports increase by about 0.5 per cent for a 1 per cent increase in capital goods imports. For the lowincome sample, the elasticity estimates are lower and significant only at the 10 per cent level. Among general-purpose equipment, variations in countries' imports of electricity generators and telecommunications equipment explain variations in subsequent exports only for the full sample. Variations in imports among low-income countries are not large enough to explain variations in their export levels. In the full sample, elasticity estimates are larger for electricity generators than for telecommunications equipment. Notes: Estimated models include population, per capita income, and a competitiveness or economic freedom index. Specifications (1)-(4) use 2008-11 export data, where (1) includes infrastructure, (2) goods market efficiency, (3) business sophistication, and (4) overall economic freedom index. Specification (5) is a three-period pseudo-panel version of (4) and includes two period indicators, with 1996-99 as the base period. ***, **, and * denote significance at 1, 5, and 10 per cent levels, respectively, using robust standard errors.
Analysis of results
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Source: Elasticity estimates are from Equation (1) Export levels do vary with different types of capital equipment imports. For the full sample, elasticity estimates are all significantly different from zero, with the exception of beverage exports. Estimates (average of cross-section estimates) range from 0.23 per cent (wood products) to 1.17 per cent (meat and fish products). The coefficients for limp are consistently statistically significant at the 5 per cent level for the following six item groups for the low-income sample: meat and fish products, tobacco, wood products, books and newspapers, footwear, and textile and apparel articles. Among these, the elasticity estimates are largest for meat and fish products and textile and apparel articles. In particular, a 1 per cent increase in machinery imports is estimated to increase relevant exports by about 1.2 per cent. These are substantially higher than the estimates for tobacco, wood, and footwear.
As a robustness check, a pseudo-panel version (5) of specification (4) is estimated, as shown in Table 4 . For the full sample, subsequent exports are positively associated with all equipment imports, but the elasticity estimate is smaller than in the cross-section regressions. With the exception of beverages in the low-income sample, none of the elasticity estimates are significantly different from zero at the 5 per cent level of significance. This is not surprising as the panel is only three periods long. Recall that panel regression exploits within-country variations. The panel results suggest that there is not much variation in countries' imports of capital equipment over time to explain variations in their subsequent exports over time. However, between-country variations in capital equipment imports do explain variations in their exports. This section has provided evidence of an export-import link in select manufactured products across countries at a given point in time but not within countries over time. Beyond quantitative trade effects, it is also important to ask whether any changes are observed in the quality of countries' exports. Note that no direct connection between export quality improvements and capital goods imports is established here. Quality improvements may occur with or without capital augmentation from abroad.
Export quality indices
Methodology and data
Khandelwal's (2010) methodology for estimating product quality is used here. To estimate quality changes over time requires that the product classification scheme is at the finest level possible and is consistent over time. Import penetration of the domestic market is also required information. These minimum data requirements are available for the United States. Import data for the United States are available at the ten-digit HS code level.
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Moreover, Pierce and Schott (2009) provide a concordance for US ten-digit HS codes over time to account for periodic changes in how products are classified.
Each ten-digit HS code will be referred to as product p and import of product p from country c will be referred to as variety cp. Each product p belongs to industry j. Product quality estimates are based on consumers' preferences for variety cp among all products and varieties belonging in industry j. Industry j is defined using the five-digit SITC (Revision 3) scheme. For example, HS code 6204.62.20.10 is 'women's bib and brace overalls' while HS code 6204.62.20.25 is 'girls' bib and brace overalls as part of playsuits', both HS codes belong in SITC 84260 (women's or girls' trousers, bib and brace overalls, breeches, and shorts, not knotted or crocheted). This SITC maps to the North American Industry Classification System (NAICS, 1997 version) code 315239 (women's and girls' cut and sew other outerwear manufacturing). Following Khandelwal (2010) , the model hereunder is estimated for each industry j:
where s cpt is the overall (industry) market share of variety cp at period t, s 0t is the domestic variety share (import substitutes) at period t, p cpt is the import unit value of variety cp at period t, ns cpt is the market share of variety cp in product p at period t, pop ct is the population of country c at period t (proxy for hidden varieties), λ 1,cp is consumers' valuation of variety cp which remains constant over time (variety-specific fixed effect), λ 2,t is consumers' time-dependent valuation of all varieties in industry j (time-specific fixed effect), and λ 3,cpt is the unobserved error term. As noted by Khandelwal (2010) , since the unobserved error term might be correlated with a variety's price and market share, Equation (2) is estimated using instrumental variables.
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Since production (shipments) data for the United States are at the six-digit NAICS level, import penetration is calculated at the NAICS level.
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Exploiting the HS-NAICS information in the data set and available HS-SITC concordance, one can then calculate an industry's import penetration level. Domestic variety share (s 0t ) is then 1 minus import penetration in the industry. Total industry output (MKT) is defined as Σ pt≠0 q cpt /(1−s 0t ), where q cpt is the quantity of import variety cp at time t. It is important to emphasize the distinction between s cpt and ns cpt . The former is the overall market share (quantity is divided by MKT) whereas the latter is the market share in product p (nest share). Unit values are inclusive of freight, insurance, other charges, and duties.
From Equation (2), the quality of variety cp at period t is calculated as follows:
It is important to note that the estimated quality indices are not comparable across industries; they can take on positive or negative values, and larger values indicate higher quality. The estimated quality indices provide an average US consumer's valuation of variety cp at time t. The intuition behind Equation (2) is that variety cp is of high quality if it does not lose market share as its price increases. These variety-level quality estimates will form the distribution of the quality estimates for λ pt which is constructed for each product p at period t. One can then track how variety cp (e.g. Kenyan variety) has moved along this quality distribution.
Unit values (import value divided by quantity) are deflated using the consumer price index (1997=100). Since unit values are inherently noisy, procedures commonly used in the literature are used to discard extreme values at both tails of the import unit value distributions. First, observations (cpt level) where quality is either missing, equal to zero, or one, and when it is less than US$5,000 in 1997 are excluded. Second, observations at the lower 5 and upper 5 per cent of the unit value distribution for the industry are also excluded. 25 Khandelwal's (2010) approach is followed as closely as possible. Transport cost per unit, the interaction between the oil price and distance from the United States, the number of varieties country c exports, and the number of countries exporting product p are as used as instruments. Instruments need to satisfy two important properties: They must not be correlated with the error term in Equation (2), but are correlated with the endogenous regressors they are instrumenting for (for an intuitive discussion, see Murray 2006) . Because unit costs (price) include transport cost, it satisfies the second property. But one might question its validity as an instrument, as higher-quality items may be exported to the United States because of transport cost. However, Khandelwal (2010 Khandelwal ( : 1458 argues that 'the instruments remain valid as long as shocks to transportation costs do not affect deviations from … average quality …' Items with a higher price travel longer distances, so the interaction between oil price and distance also satisfies the second property. Both the number of varieties country c exports and the number of countries exporting product p are expected to be correlated with a country's market share in product p, and are valid instruments as long as decisions to enter markets are made before quality choices are made. Owing to shipment data availability, only manufactured products (SITC 5, 6, 7, and 8) Table 5 contains the results for 16 apparel and clothing SITC industries satisfying the following conditions: (i) Evidence that the instrument set is valid.
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(ii) At least two of the regressors in Equation (2) are statistically significant at the 5 per cent level. (iii) The null hypothesis that the equation is weakly identified is rejected.
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For the most part, as expected, the relative overall market share is negatively correlated with price and (when significant) positively correlated with the number of hidden varieties (using population as proxy). Interestingly, nest share has negative coefficients in the overall relative market share regressions. Recall that nest share is the country's market share in a given product (ten-digit HS code level). The results suggest that when countries narrowly specialize in certain apparel items, their overall relative market shares in the apparel categories these items belong to are lower. Notes: Numbers in parentheses are robust standard errors. ***, **, and * denote significance at 1, 5, and 10 per cent levels, respectively. The Stock Yogo weak identification test critical values: 10 per cent maximal IV size is 13.43; 15 per cent maximal IV size is 8.18.
Source: Regression Equation (2) estimates using US import data from Professor Peter Schott's data page (http://faculty.som.yale.edu/peterschott/sub_international.htm) and shipments data from the National Bureau of Economic Research and the US Census Bureau's Center for Economic Studies (NBER-CES) (2013). Table 6 summarizes the pattern of these quality indices relative to exporting country income.
Quality estimates
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Recall the intuition behind Equation (2): An item is of higher quality if sellers do not lose market share when prices increase. Another way to interpret the patterns in Table 6 is that low-income countries export higher quality items (with three exceptions), after controlling for prices. However, 20 just among low-income countries, export quality does increase with exporting country income. Also, SSA countries export low-quality items even after controlling for export prices. Notes: Numbers in parentheses are robust standard errors. The quality index is the dependent variable. Quality indices are regressed against the natural log of income per capita (lgdppc), SSA region indicator (ssa), and product dummy variables. Missing estimates indicate that the United States does not import the item from an SSA country. ***, **, and * denote significance at 1, 5, and 10 per cent levels, respectively.
Source: Regression estimates using quality indices obtained from regression Equation (2) and income per capita data from the World Bank (2013).
Consider quality estimates for men's and boys' cotton shirts (SITC 84151) for SSA and other lowincome countries shown in Figures 3a and 3b . Recall that one SITC industry encompasses several products. The estimates show that countries with high overall relative market share tend to have higher quality, on average. Exports from Mauritius tend to have lower estimated quality than exports from Kenya, Madagascar, or South Africa. This means that if Mauritius' export prices increase, it is more likely to lose market share compared to these other three countries. This is in contrast with the high estimated quality of Mauritius' exports of women's and girls' blouses, shirts, and shirt blouses (SITC 84270) shown in Figures 3c and 3d . However, the quality indices for this country dropped in 2006, albeit still high compared to its peers. The last apparel industry worth mentioning is other knitted or crocheted garments (SITC 84599). Figures 3e and 3f show an increase in the number of exporting SSA countries in 2006, with entrants such as Lesotho and Swaziland having high estimated quality (median quality index for all countries is −39.7 in 2006). All figures also show that SSA countries export lower quality items than their peers, even after controlling for export prices. 
Discussion
What might explain the patterns uncovered by this paper, and what are their implications for policy? Let us consider the patterns one at a time. First, the relative importance of capital goods in SSA countries' imports is comparable to those of other low-income countries, with a median share of about a quarter of total imports. Telecommunications equipment is the largest category of equipment imports by SSA countries, with close to a 20 per cent share in 2008-11. This is understandable as 13 countries in the region have a virtually open telecommunications sector (Borchert et al. 2012a (Borchert et al. , 2012b which has attracted private sector investments. World Bank (2014a) data show that 47 SSA countries report private sector participation in telecommunications investment in 2008-11, with a total project size ranging from US$800,000 in the Seychelles to US$10.6 billion in Nigeria. These investments have brought market price information to farmers for their produce and access to mobile banking services for the unbanked, among other benefits. These also provide the infrastructure necessary if development initiatives such as Mauritius' strategy to turn itself into a cyber-island were to succeed. a wide variety of other items are also being sourced from China. While electrical and non-electrical machinery account for 30 per cent of China's 33 Mauritius' economy is dominated by sugar, textile and clothing, tourism, and financial services. In an effort to diversify its economic base, the country has made access to information and communication technologies a priority. The country has eliminated tariffs on information technology products and has an open telecommunications sector (WTO 2008) . 34 In fact, Huawei Technology Company Limited generated the largest revenue (7.5 per cent of the total) from foreign contracted projects at US$6.9 billion in 2010 (China Editorial Board 2011). It is followed by China State Construction Engineering Corporation and Sino-Hydro, with 5.3 and 4.4 per cent shares, respectively. exports to SSA countries in 2008-11, items such as ships, boats, and floating structures have a 7-10 per cent share, vehicles a 6-9 per cent share, and articles of iron and steel a 5 per cent share in China's exports to SSA countries. Some of these items (e.g. dredgers, excavators, and bulldozers) make their way to Africa as part of the infrastructure-building work of Chinese contractors in the continent. As of 2012, Chinese contractors have a 44.8 per cent market share in Africa, a 35.2 percentage point increase from 1998 (see Engineering News Record 1999 . This increase is mostly at the expense of European contractors whose market share dropped to 31.6 per cent from 50.7 per cent in 1998.
Data also show that in 2008-11, 2.6 per cent of China's exports are to SSA countries (up from 0.8 per cent in 1996-99) whereas 3.9 per cent of the country's imports are from the region (up from 0.7 per cent in 1996-99). Although crude oil is still China's largest import from SSA countries, with a 44.7-65.7 per cent share in 2008-11, China's increased income level has changed the composition of its imports slightly, with about 5 per cent of its imports from the SSA region consisting of natural or cultured pearls, precious stones and metals, and coins. Additionally, it is also worth emphasizing how important China is now to SSA countries' trade. The root of Chinese firms' current dominance in Africa as infrastructure contractors, trade partners, and foreign direct investment sources can be traced to the Chinese government's relationship-building investment in the region since the 1960s.
Third, there is a connection between specific types of equipment imports and countries' subsequent exports, with elasticity estimates ranging from 0.23 to 1.17 per cent. Of course, the presence of complementary labour and a predictable business environment are among other necessary ingredients. If most equipment is sourced abroad, it is then not good policy to continue to charge high import duties on these imports. Although actual (average) applied rates range from 0.4 to 17.4 per cent (0.2-12.3 per cent) for electrical (non-electrical) equipment among the 39 SSA countries with data, the bound rates are as high as 98.7 per cent for Rwanda for electrical equipment and 120 per cent for Tanzania for non-electrical equipment (see WTO 2014) . This means that there is potential for import duties to increase to these maximum rates. At the minimum, a manufacturing-led development strategy necessitates that investors (both local and foreign) face no duties for equipment imports. This might negatively impact revenue collection in the short-term, a factor upon which SSA countries rely on with varying degrees, 36 but this revenuehit is worth taking as the elasticity estimates are suggestive of augmented local production and employment either directly (industry-specific equipment) or indirectly (general-purpose equipment). Fourth, at the industry level, evidence suggests that the overall relative market share of countries tend to be low when they are too narrowly specialized. This is because adjustment to adverse shocks is limited when exporters are too narrowly specialized. At the macro level, this means that policy makers need to enact and implement policies conducive to the creation, growth, and survival of a diverse set of firms. The importance of diversity to various indicators of economic performance (e.g. productivity or employment growth) has been observed not only in the trade literature (e.g. Feenstra and Kee 2008) but also in the urban and regional economics literature (e.g. Glaeser et al. 1992 ).
Lastly, this paper estimates that controlling for price, the quality of SSA countries' apparel exports is lower than that of their peers. This means that if SSA export prices were to increase, their US market share would suffer despite the price advantage provided by the AGOA, which could be as high as 32 per cent (e.g. bodysuits and body shirts) or as low as 0 per cent (e.g. men's or boys' silk overcoats). US apparel imports from SSA countries are noted to increase by as much as 37.7 per cent in 2002-03 compared to a worldwide growth rate of 7.4 per cent, and there is econometric evidence that the AGOA raised US apparel imports from eligible countries (e.g. Frazer and van Biesebroeck 2010) . Despite high growth rates, the United States sources less than 2 per cent of its apparel imports from the SSA region, and with the expiration of the quota regime (Agreement on Textiles and Clothing) on apparel in 2005 competition from higher-quality substitutes from China and Vietnam have become more intense. China's share in US apparel imports increases to 36.6 in 2008-11 from 9.5 per cent in 2000-03, and Vietnam's share increases to 8 from 1.5 per cent in the same period. The top source from the SSA region is Kenya (ranked 31), with only a 0.32 per cent share in 2008-11. The AGOA expires in September 2015, and its extension is currently under discussion. The biggest challenge is determining the additional mechanisms to put in place to increase both the market share and the quality of SSA apparel exports to the United States.
Data from 2013 show that almost all US apparel imports from AGOA-eligible countries (US$915.6 million) enter under the preference programme (US$903.9 million), and most (93 per cent) are made from foreign-made fabric or yarn. The special rule on the use of third-country fabric and yarn is, in fact, one of the key provisions of the current version of the AGOA. Apparel assembled or knit-to-shape from third-country fabric or yarn originating from qualified less-developed countries in the region enter duty-free (subject to a cap).
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The critical role of this special rule is clearly evident when coinciding with the financial crisis: US imports from SSA countries are observed to drop by as much as 20 per cent in 2008-09 compared to a 11 per cent drop for apparel imports from the rest of the world. Note that this drop was partly due to US apparel buyers shifting orders to Asian suppliers as it was unclear whether the third-country fabric and yarn provision under the AGOA would be renewed after its expiration in September 2012 (African Cotton & Textile Industries Federation (ACTIF) 2013). Congress did renew the provision on August 2012. Subsequently, US apparel imports from the region increase by 8.4 per cent in 2012-13 compared to a growth rate of 3.9 per cent for US apparel imports from the rest of the world.
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The ACTIF, thus, has called for the renewal of the AGOA well in advance of its expiration on 30 September 2015, and for the full-term renewal of this special provision. However, despite relaxation of the requirement that material inputs originate from the United States or the SSA region, the quota fillrate is less than 25 per cent, and, after more than a decade of the AGOA, a viable textile industry has not developed in the region and 93 per cent of apparel imports under the AGOA are made from foreign fabric and yarn. According to Edwards and Lawrence (2010: 54) , 'the special rule distorts decisions on value-addition and fabric use … the incentives are most powerful in lower quality products that require less value-addition … it encourages the use of more expensive 37 As of 3 January 2014, 39 SSA countries are AGOA-eligible and 26 countries qualify for this special provision. 38 The estimates here and in the next paragraph are from the US Imports of Textiles and Apparel database (US Department of Commerce 2014).
fabrics.' Thus, the special rule has effectively discouraged the emergence of a viable textile industry in the SSA region.
Despite the price advantage provided by the AGOA, US imports from (exports to) the SSA region is less than 4 per cent (1.4 per cent) of total US imports (exports) in 2008-11, not much different from the 1.4 per cent (0.4 per cent) share in 1996-99. Preferential market access to the US market has also not led to a diversification of US imports from the region, with crude oil continuing to be the predominant import. Surprisingly, crude oil's 77.4 per cent share of total US imports from the region in 2008-11 is higher than in China's case (45-66 per cent). As of 2008-11, main US exports are machinery and vehicles, with a combined share of close to 40 per cent. One of the chief aims of the AGOA is to make SSA countries viable markets for US exporters. The SSA region's 2008-11 data show that 7 per cent of their imports originate from the United States (up from 5.43 per cent in 1996-99) while close to a fifth of their exports go to the US market. The United States is an important market for SSA exporters, but US exporters have not expanded their market share in the region to the same extent as Chinese exporters, with a market share of 12.1 per cent in 2008-11 (up from 2.7 per cent in 1996-99).
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Concluding remarks
Currently, strategies for African countries that will bring sustained growth are being re-examined. Rodrik (2014: 15) suggests that it might be 'different from earlier miracles based on industrialization. Perhaps it will be agriculture-led growth. Perhaps it will be services. But it will look quite different than what we have seen before.' Regardless of development strategy, access to reliable electricity is crucial. Latest data show that 45.2 per cent of firms surveyed in the SSA region identify electricity as a main constraint to business, with average outage lasting 6.6 hours translating to losses equivalent to 4.6 per cent of annual sales 39 (World Bank 2014b). Andersen and Dalgaard (2013) estimate a 2.86 per cent increase in long-run GDP per capita for a 1 per cent decrease in electricity outage in Africa. Likewise, Moyo (2013) finds a negative correlation between firm level productivity and the length of electricity outage. Ondiege et al. (2013) highlight limited private sector participation and lack of access to long-term financing for the SSA region's inadequate power infrastructure. But, as the opening of several countries' telecommunications sector has shown, with suitable operating environment and incentives, the region can attract sizeable private investments. The authors also identify the need for co-ordinated national and regional efforts among government agencies responsible for the power infrastructure. This is where US President Barack Obama's Power Africa initiative launched in June 2013 shows promise. Power Africa emphasizes government-private sector co-ordination and technical assistance (for project prioritization, co-ordination, and implementation) extended to African government partners that currently include Ethiopia, Ghana, Kenya, Liberia, Nigeria, and Tanzania. Essentially, Power Africa aims to jump-start power generation investment in the region by making a commitment of US$7 billion over five years, US$5 billion of which are the Export-Import Bank of the United States financing US companies' power generation projects in the SSA region. The administration has also secured US$9 billion worth of commitments from US corporations (e.g. General Electric) to expand the SSA region's power-generation capacity.
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The International Energy Agency (2011) estimates that the SSA region requires an annual investment of US$19 billion until 2030 to achieve universal electricity access by 2030. Although the five-year US commitment of US$7 billion is lower than that required to achieve universal access, it is a reasonable magnitude when compared to the entire region's import of US$11.6 billion worth of electric and non-electric generating equipment in 2008-11. As of March 2014, five notable Power Africa transactions are reported by the US Agency for International Development (2013): The largest is a privately owned 1000-megawatt geothermal project in Ethiopia and the smallest is a privately owned 60-megawatt wind farm in Kenya. Harbert (2014) reports 26 deals in the pipeline. These indicate good momentum for an initiative that is only a year old.
To complement the AGOA, in conjunction with the Power Africa initiative, President Obama launched Trade Africa in June 2013, which initially involves the five countries of the East African Community, namely Burundi, Kenya, Rwanda, Tanzania, and Uganda. This initiative commits additional resources to expand US trade with the SSA region (e.g. by expanding the Department of Commerce's 'Doing Business in Africa' campaign), and efforts are being directed towards ensuring that intra-Africa trade is increased (e.g. by supporting the work of the East African Community to harmonize custom rules and operations). There is commitment to double the number of US Foreign Commercial Service offices in Africa to eight, with new offices opening in Angola, Ethiopia, Mozambique, and Tanzania (US Department of State 2014). The expectation is that these new initiatives will lead to more US exports and investments in the region.
A US International Trade Commission (2014) report identifies various recommendations on how to improve the AGOA. Most important is to make the AGOA permanent. With regard to apparel, to make the investment-production-export environment predictable, the third-country fabric and yarn provision needs to be renewed for the full-term of the AGOA extension period and this special rule needs to apply to all SSA countries. There is also a clear need for mechanisms that will enable the formation of backward linkages to apparel production. Kenya has recently unveiled such a mechanism with the creation of Textile City (AGOA News 2014), and similar commitments are much needed.
On 5-6 August 2014, for the first time ever, a US president hosted a US-African Leaders Summit. In the past year, President Obama's administration has rolled out several initiatives to expand US commercial presence in Africa. These initiatives have the potential to expand US capital goods exports to the region. As briefly reviewed, the success of the Power Africa and Trade Africa initiatives rests crucially on co-operation and co-ordination among various entities both in the United States and in partner African countries. Ultimately, Africa will attract significant investments only if investors are convinced of the region's potential balanced against current perceived or real risks. African leaders need to clearly demonstrate their willingness to co-operate, co-ordinate, and work with each other. Moreover, African policy makers need to change the US public's perception of why the AGOA, Power Africa, and Trade Africa need support-from the perception that Africa is poor and, therefore, needs help to develop to the perception that these initiatives will create opportunities for US businesses which, in turn, will benefit American workers and consumers.
